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suture or simple neurolysis was carried out. All cases of officers and Naval and R.A.F. personnel have been excluded so that the results apply solely to the N.C.O.s and men in the Army.
There were altogether 143 such cases. Of these 125 were invalided out of the Armv from hospital. 18, of whom 14 were ulnars, were returned to duty in a lower category and of these a further 3 were placed in Cat. E dturing the ensuing year. It thus appears that a soldier or N.C.O. having a peripheral nerve injury sufficiently serious to require exploration has just over a 10% chance of being of further service to the Army in a lower category. This is a point which may be of some value in reaching an early decision as to disposal. SUMMARY It may seem that I have painted a rather sombre picture, particularly when we remember the opening words of the report of the MIedical Research Council of 1920 on the subject of peripheral nerve injuries -" Most cases of injury to the peripheral nervous system make a good recovery, provided that treatment is carried out systematically and over a long period of time" but I suggest we have been inclined to expect too much. We are apt to regard a peripheral nerve as a simple structure, perhaps from comparing it unconsciously with the central nervous system in all its complexity; but, in fact, a peripheral nerve is by no means a simple structure and if the results of nerve suture were compared with those of suture of the divided ureter or bile-duct or perhaps to the attempts at repair of an injured joint, the results might appear less unfavourable. One must accept the fact that there are degrees of injury to specialized tissue which nature is incapable of repairing, and our wonderment should lie not in the fact that so many cases do so badly but that any do so well.
The Effect of Delay on the Success of Nerve Suture By J. Z. YOUNG, M.A.
(Dept. of Zoology and Comparative Anatonmy, Oxford) THERE is abundant evidence that some degree of recovery can take place after a nerve has been sutured at long periods after injury. Perhaps because of this fact there has been a feeling that there is no great harm in waiting before operating on an injured nerve. The majority of cases, in this war as in the last, have been operated after considerable delay, probably usually after more than six months. There are possible advantages to be obtained by waiting to repair a nerve in the lhope of spontaneous recovery and to allow other tissues to heal, but we shall only be justified in delaying if it can be shown that the degree of recovery is equally satisfactory whatever the time of denervation. If we examine the various stages of recovery, however, we find reason to suppose that several of the processes which produce a full functional regenieration become much less active during the atrophy of denervation.
The actual power of outgrowth of nerve fibres from the central stump, the vis a tergo of Held remains little diminished even in a stump left unsutured more than a year (Holmes and Young, 1942) . According to our present ideas the putting out of new fibres is essentially a process of flowing of axoplasm from the tubes of the central stump, and there is no special reason to think that this power of flow would diminish with time.
The union between the apposed nerve stumps is ma(le chiefly by the activity of the cells of Schwann, groving ouLt from the peripheral stump. Abercrombie and Johnson (1942) have measured this power of wandering in stumps left to atrophy for various periods. They confirm Ingebrigsten (1916) in finding that Schwann cells do not migrate out from a piece of normal nerve explanted in vitro, but that in a severed nerve the power of movement increases rapidly from about the fourth day, reaching a maximum after the end of the third week and thereafter declining, at first rapidly, later more slowly. From these facts it is reasonal)le to expcct that nerve suture mav be most successful when performed some tvo or thrce weeks after injury. Holmes and Young (1942) fouind considerable evidence that when secondary suture was made after delay of some months the union of stumps was unsatisfactory. In this connexion we may mention an important technical point, namely that the shrinkage of the peripheral stump which occurs during a long period of dencrvation makes the proper apposition and suture of the stumps difficult. Once the streams of axoplasni have crossed to the distal stump they proceed down the latter in the old tubes now filled with the protoplasm of the Schwann cells. The initial advance down the tubes does not seem to be much slowed after long periods of atrophy. However, the development of the new fibres to a functional condition depends on their subsequent increase in dianm;ler and medullation. There is no doubt that these processes take place less rapidly after secondary than after immediate suture (Holmes and Young, 1942; Gutmann and Sanders, 1943) . It may be that even though increase in fibre diameter is slow it ultimately becomes complete. However, in a rabbit examined ten months after secondary suture. we fouind the medullation still much less advanced than in a corresponding nerve after immediate suture. This delay in maturation is probably the result of the reduction in diameter of the Sehwann tubes which occurs during atrophy, imposing a restriction on the inflow of axoplasm.
Even more serious effects of delay on the process of regeneration are found in the muscles (Gutmann and Young, 1944) . When nerve fibres return to a muscle which has been denervated only for a short peri.od they re-enter the old end-plates, producing a pattern of innervation very similar to the original one. However, during the progress of atrophy the muscle fibres shrink and the connective tissue around them increases. The ends of the Schwann tubes become blocked with collagen and new nerve fibres returning down such tubes do not enter the end-plates. They run on among the muscle fibres, often for long distances. Finally some of them make contact with a muscle fibre, producing new end-plates of atypical form. The resulting pattern of innervation is certainly far from normal, though the functional importance of the discrepancy remains to be investigated. Perhaps even more serious is that after long periods of denervation many muscle fibres never recover at all. Areas are seen in such muscles, even a year after re-innervation, in which nerve fibres are present but have failed to make contact with the muscle fibres, the latter having proceeded further with their atrophy and perhaps completely disappeared. The weight and volume of muscles remain much less a year after secondary than after primary suture and it seems doubtful if much subsequenit addition cf muscle tissue can take place.
It is certain, therefore, that delay in the performance of suture leads to delav and incompleteness of recovery during at least a year after the operation. It is very likely that the incompleteness of recovery is permanent and cannot be made up by subsequent restorative processes. Although rates and conditions of atrophy of nerve and muscle may be different in man fromil those examined in the rabbit, the general situation can hardly be essentially different. And no doubt atrophy also produces progressive and partly irreversible changes in the skin which will affect the result. Delay and the attendant atrophy therefore reduce the prospect of success after nerve suture. It would be most valuable to know quantitatively the extent to which it does so. We can say confidently that a suture made one month after injury is likely to produce a better result than onie made six months after injury. But we do not know how much better. Animal experiment may throw some light on this question, but careful survey of suitably selected human cases will prohablv do more. There are indications which suggest that the rate of decline cf the power of recovery is considerable and therefore that a policy of early suture may produce results which are a considerable improvement on those obtained hitherto. It does not follow from this, of course, that every nerve should be sutured immediately after it has been injured. Indeed there are some indications, for instance from the activity of the Schwann cells, that the optimum result is achieved by suture a few weeks after severance. If we ever obtain appropriate data allowing a quantitative assessment of the degree of recovery it should be possible to pursue a policv which will give tlle maximum chance of recovery to the patient.
